(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(19) World Intellectual Property Organization 
International Bureau 

(43) International Publication Date 
14 June 2001 (14.06,2001) 




PCT 



(10) International Publication Number 

WO 01/42400 Al 



(51) international Patent Classification 7 : C10L3/08, 

F02C3/22 

(21) International Application Number: PCT/U SUQ/33705 

(22) International Filing Date: 

13 December 2000(13.12.2000) 



(25) Filing Language: 

(26) Publication Language: 



English 
English 



(30) Priority Data: 

09/460,149 13 December 1999 (13.12.1999) US 

(71) Applicant: EXXON CHEMICAL PATENTS INC. 
IUSAJS]: 5200 Bayway l^rive, Baytown. TX 77520-5200 
(US). 

(72) Inventors: MITTRICKER, Frank, F.; 341 1 Stanford, 
Houston, TX 77006 (US). VICTORY, Donald. Ja 5603 
l>iarybrook Cove, Sugarland, TX 77479 (US). 



(74) Agents: ZBORAY, James* A. et al.; ExxonMobil Chem- 
ical Oampany. P.O. Box 2149. Baytown, TX 77522-2149 
(US). 

(81) Designated States (nailonal)i AE, AJU AM. AT. AU, AZ, 
BA, BB, BG. BR, BY, C A, CH, CN, CU, CZ, PE. DK, EE, 
ES, FI. GB, GO, GE, GH, GM, HR. HU, I1X IL, IN. IS. JP. 
KE. KG. KP. KR, KZ, LC, LK. LR. LS, LT. LU, LV, MD, 
MG, MK, MN, MW, MX NO, NZ. PL. PT. RO, RU. SIX 
SE, SG. SI, SK, SL, TJ f TM. TR. TT, UA. UG. UZ, VN. 
YU, ZA, ZW. 

(84) Designated States (regional)! ARIPO patent (GH. GM. 
KE, LS. MW, MZ, SIX SL. SZ. TZ, UG, ZW), Eurasian 
patent (AM, AZ, BY. KG, KZ> MIX RU, TJ, TM), European 
patent (AT, BE, CH. CY, 1>E, DK. ES, Ff, FR, GB, GR. IE, 
IT, LU, MC, NU PT, SE, TR), OAPI patent (BF. BJ. CF. 
CG, a. CM. G A, GN, GW. ML. MR. NE, SN, TO, TG). 

Published: 

— With international search report. 
- Before the expiration of the lime limit for amending the 
claims and to be republished in the event of receipt of 
amendments. 



I Continued on next pose/ 



(54) Title: METHOD FOR UTILIZING GAS RESERVES WITH LOW METHANE CONCENTRATIONS AND HIGH INERT 
GAS CONCENTRATIONS FOR FUELING GAS TURBINES 



.A 




^! (57) Abstract: The invention is directed to a method of fueling gas turbines from natural gas reserves with relatively low methane 
concentrations. The invention uses such reserves to generate electric power. The invention permits the use of these reserves at sig- 
W nificantly lower cost than by producing pipeline natural gas to fuel gas turbines to generate electric power. These reserves currently 
generally are used only after the removal of impurities to produce pipeline natural gas quality turbine fuel. The latter current tech- 
© oology is capital intensive, and at current natural gas prices, economically unattractive. The process of the invention can remove the 
5^ impurities from the gas from the natural gas reserve necessary for protection of the environment, and leaves Inert gasscs in the fuel 
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METHOD FOR UTILIZING GAS RESERVES WITH LOW METHANE 
CONCENTRATIONS AND HIGH INERT GAS CONCENTRATIONS FOR 

FUELING GAS TURBINES 

This invention relates to the combustion of natural gas haying relatively low 
methane concentrations and relatively high concentrations of inert gases. More 
particularly, this invention relates to the utilization of natural gas reserves having 
methane gas concentrations of from above 40 to about 80 volume percent methane 
by increasing the relative concentration of inert gases and using the methane 
produced thereby in a process which produces pipeline quality natural gas. In one 
aspect, hydrogen gas is blended to provide an inert gas and hydrogen enhanced 
methane gas blend with a methane gas concentration of not more than about 40 
volume percent, based upon the total volume of the gas. This gas blend is used for 
fuel in gas turbines. 

BACKGROUND OF THE INVENTION 
Currently there are substantial methane gas reserves with relatively low 
methane gas concentrations. Many of these reserves have methane gas 
concentrations from about 40 to about SO volume percent. Currently, impurities 
are removed from natural gas to make pipeline quality natural gas which normally 
have methane concentrations of from about 95+ to about 99+ volume percent. To 
fiiel gas turbines to make electric power, converting natural gas having methane 
concentrations of from about 40 to about 80 volume percent methane to pipeline 
quality natural gas becomes economically impractical because the conversion is 
capital intensive. Moreover, natural gas with methane concentrations in the range 
of 40 to 80 volume percent does not necessarily provide a reliable fuel source for 
gas turbines, especially at the low end of the latter range, to generate power with 
enhanced outputs of power because natural gas with such low methane 
concentrations will not provide a stable flame for fuel combustion without special 
equipment designs, catalysts and without special balancing of oxygen with other 
combustibles. Moreover, streams with 40 to 80 volume percent methane have the 
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problem of generating high NOx emissions as a result of higher flame temperatures 
in the turbine. 

It would be economically advantageous to utilize natural gas reserves with 
40 to 80 volume percent methane and with large amounts of inert gases and purify 
such streams or a portion of such streams to provide a fuel for gas turbines at 
significantly lower cost than by producing pipeline quality natural gas for fuel for 
gas turbines. 

SUMMARY OF THE INVENTION 
The invention is directed to a method of fueling gas turbines from natural 
gas reserves with relatively low methane concentrations of from about 40 to about 
80 volume percent and relatively high inert gas concentrations. The invention 
permits the use of these reserves at significantly lower cost than by producing 
pipeline natural gas to fuel gas turbines to generate electric power. As described, 
these reserves currently generally are used only after the removal of impurities to 
produce pipeline natural gas quality turbine fuel Also as previously described, the 
latter current technology is capital intensive, and at current natural gas prices, 
economically unattractive. The process of the invention can remove the impurities 
from the gas from the natural gas reserve necessary for protection of the 
environment, and leaves inert gases in the fuel in an amount which will increase the 
output of a gas turbine for the generation of power by about 5 to about 20%. In 
one aspect the process of the invention contemplates leaving the inert gases in the 
fuel to maximize mass flow through the gas turbine and to increase power output 
without the expense of producing pipeline quality methane gas and blending 
additional inert gases into the fuel to additionally enhance the mass flow through 
the turbine and lower flame temperature to reduce NOx emissions. 

In one aspect the process of the invention uses a natural gas stream and 
process which is being used to produce pipeline quality natural gas. Li this aspect 
during the purification process inert gases are separated from methane gas in the 
natural gas reserves with from about 40 to about 80 volume percent methane. A 
separation may be made which removes only such an amount of methane to 
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provide an inert enhanced methane gas blend which is effective for providing an 



compared to a turbine fueled with pipeline quality natural gas, The purified 
methane stream generated by this separation then may be sent for further 
purification to produce pipeline quality natural gas. Alternatively there may be a 
general separation of inert gases from the methane gas and the inert gases 
separated from the methane then are mixed with the natural gas stream which has 
not had the inert gases removed (or another gas stream with 40 to 80 volume 
percent methane) in an amount which will increase the output of the gas turbine by 
about 5 to about 20% as compared to a turbine fueled with pipeline quality natural 
gas. 

In one aspect where nitrogen gas is the primary inert gas, membranes are 
used to do the primary separation of the inert nitrogen gas from the natural gas and 
methane therein. Membranes commercially available and sold under the name of 
Medal from Air Liquide, Houston Texas, are suitable for such separation. This 
separation may be done only in an amount to increase the output of a turbine as 
previously described, or the nitrogen separated from the natural gas then is 
combined with the natural gas reserve to provide and inert enhanced natural gas 
which will increase the output of the turbine by about 5 to about 20% as compared 
to a turbine fueled with pipeline quality natural gas. 

Membranes may be used to separate carbon dioxide and methane when the 
carbon dioxide concentration is up to about 45 volume percent. In another aspect 
where carbon dioxide is the primary inert gas at concentrations above about 45 
volume percent, the carbon dioxide is separated from the natural gas reserve 
containing from about 40 to about 80 volume percent methane cryogenically . In 
one aspect when the pressure of the natural gas is high, such as greater then about 
2500 psig, the high pressure feed gas is flashed to a lower pressure, such as about 
500 psig. A Joule Thomson effect on this expansion is in an amount effective to 
provide a cooling to do a cryogenic separation. When the pressure of the natural 
gas reserve is low, such as below about 1 100 psig the separation may be achieved 
an external refrigeration of the natural gas reserve to provide the cooling effective 



increase in output of power by a gas turbine of by about 5 to about 20% as 
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for separating the carbon dioxide from the natural gas reserve and the methane 
there- 
in a very important aspect, inert gases are separated from the natural gas 
reserve and the methane therein to provide a methane gas with less than about 40 
volume percent methane. The methane separated from the natural gas reserve 
then may be sent for further processing to make pipeline equality natural gas. The 
inert gases separated from the natural gas stream then are mixed back into the 
natural gas stream from the well in an amount effective for providing a 
methane/inert gas blend having less than about 40 volume percent methane to 
provide an inert enhanced methane gas blend. The inert enhanced methane gas 
blend is blended with hydrogen, or in an important aspect, just enough methane is 
shifted to hydrogen gas to produce a gas fuel blend of hydrogen/inert gas/methane 
gas that not only is an acceptable fuel for gas turbines, but the blend is effective for 
providing flame stability (such as providing the gas with at least 1 10 BTUs per 
standard cubic foot of gas) and for producing more power than a standard natural 
gas having from about 95+ to about 99+ volume percent methane. If required, the 
hydrogen/inert gas/methane gas blend is dehydrated to remove a sufficient amount 
of water to provide a flame stable dehydrated hydrogen/inert gas/methane gas 
blend. In an important aspect, this blend has at least about 6 volume percent 
hydrogen. The flame stable hydrogen enhanced hydrogen/inert gas/methane gas 
blend then is used to fbel an electric power producing gas turbine. In this aspect, 
the method of the invention is effective for increasing the power output of a gas 
turbine by at least about 10 percent as compared to gas turbine using a standard 
natural gas which comprises from about 95 to about 99+ volume percent methane. 
In most cases in this aspect, output may be increased by at least about 20 and up 
to about 30 percent with these latter limits being imposed by the mechanical design 
limitations of the gas turbine. 

In the aspect of the invention where methane is shifted to hydrogen gas, a 
portion of the methane from natural gas is catalytically converted or reformed into 
hydrogen gas which then forms the hydrogen enhanced methane/hydrogen gas 
blend. The reactions which obtain this conversion include: 
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CH4 + CO2 -> 2CO + 2H2 

CHe + 2H 7 0 -> CCb + 4H^ 
In an another important aspect, especially where methane is shifted to 
hydrogen, prior to the conversion reaction, hydrogen sulfide and other add 
components such as COS, RSH and RSSR are removed from the natural gas using 
a physical solvent to provide a sweet natural gas. A physical solvent selectively 
removes hydrogen sulfide and other acid gases, but minimizes the removal of inert 
gases, such as nitrogen and carbon dioxide and other inert gases such as helium and 
argon. In this aspect, the physical solvent is selected from the group consisting of 
methanol, a blend of dimethyl ethers of polyethylene glycol (molecular weight 
about 280), propylene carbonate (b.p.of 240°C, N-methyl-2-pryrrolidone (b.p. 
202°C), a blend of oligoethlene glycol methyl isopropyl ethers (b.p. about 320° C), 
tri-n-butyl phosphonate (b.p. 180°C at 30 mm Hg) and methyl cyano-acetate (b.p. 
202°C). The sweet natural gas is mixed with sufficient water to permit sufficient 
production of hydrogen from the methane to achieve flame stability or a BTU/Scf 
value of at least about 1 10. In this aspect, it is important that the hydrogen sulfide 
and other add gases are removed prior to reforming a portion of the methane to 
hydrogen because the reformation is a catalyzed reaction where the catalyst may be 
poisoned by the hydrogen sulfide gas and other acid gases. Catalysts which are 
sensitive to the acid conditions and which may be used in this aspect of the 
invention include the CI 1 Series catalyst from United Catalyst Inc., R67 from 
Haldor Topsoe and Gl-25 from BASF. High temperature "shift catalysts" for 
sweet natural gas generally are made from copper, zinc and aluminum. 

In another important aspect, the reformation reaction is done under acid or 
sour conditions using catalysts such as a C25 Series catalyst from United Catalyst 
Inc., K8-1 1 catalyst from BASF and SSK catalyst from Haldor. Topsoe. In general 
these catalysts are chrome/molybdenum catalysts. In this aspect of the invention, 
the sour natural gas and water are mixed with the water being in amount which will 
result in a methane gas/water blend which will permit the formation or reformation 
of sufficient hydrogen gas to provide flame stability for the hydrogen enhanced 
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inert gas/methane gas/hydrogen gas blend which does not have in excess of 40 
volume percent methane. 

After blending the inert gases with the natural gas reserves, the inert 
enhanced methane gas blend may have as low as 35, 25 or even less than 20 
volume percent methane and still provide more power than pipeline quality 
methane when using hydrogen to provide flame stability to provide a fuel for gas 
turbines. In practicing this aspect of die invention, sufficient methane should be 
converted into hydrogen to produce a hydrogen enhanced hydrogen/inert 
gas/methane gas blend with at least 6 volume percent, and preferably from about 6 
to about 10 volume percent hydrogen. This will produce a hydrogen enhanced 
hydrogen/inert gas/methane gas blend with stable flammability that is very effective 
for fueling gas turbines for the generation of electric power. 

BRIEF DESCRIPTION OF THE DRAWINGS 
Figure 1 is a flow plan illustrating the process of the invention where some 

of the methane is shifted to hydrogen gas to mate a hydrogen/inert gas/methane 

gas blend for fuel for a gas turbine. 

Figure 2 is a flow plan illustrating the process of the invention where high 

pressure feed natural gas is flashed to a lower pressure to separate methane gas 

from carbon dioxide gas both of which are present in the high pressure feed natural 

gas. 

Figure 3 is a flow plan illustrating the process of the invention where low 
pressure feed natural gas is refrigerated using an external refrigeration device to 
separate methane gas from carbon dioxide gas both of which are present in a low 
pressure feed natural gas. 

DETAILED DESCRIPTION OF THE INVENTION 
A natural gas reserve having from about 40 to about 80 volume percent 
methane and a high relative concentration of inert gas such as nitrogen, carbon 
dioxide, helium and aragon is conveyed to a separation unit to separate the inert 
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gases from the methane gas in the natural gas reserve. This produces a relatively 
pure methane stream and an inert gas/methane stream. If the reserve has high 
nitrogen content, the nitrogen gas can be separated from the methane gas using 
membranes, such as the Medal membranes. If the inert gas is carbon dioxide, the 
inert gas may be separated from the methane gas using a cryogenic separation as 
seen in Figures 2 and 3. After the methane gas is separated from the inert gas, the 
separated relatively pure methane gas may be conveyed to further purification 
apparatuses as are known to produce pipeline quality natural gas. If after the 
separation of the inert gas from the methane gas the inert gas/methane stream does 
not have sufficient inert gas to increase the power output of a gas turbine as 
described, then further inert gases may be added to the inert gas methane stream to 
increase die power output by from about S to about 20% as compared to a turbine 
fueled with pipeline quality natural gas. Alternatively, a portion of the natural gas 
stream which has not been separated from its inert gas components is further 
blended with inert gases, which have been separated from the reserve gas stream in 
an amount to provide an inert enhanced natural gas which will increase the output 
of the turbine by about S to about 20% as compared to a turbine fueled with 
pipeline quality natural gas. 

In one important aspect, sufficient inert gases may be mixed with the inert 
gas/methane stream or with the natural gas reserve to lower the methane content of 
the methane gas in such a blend to less than 40 volume percent. In this aspect as 
can be seem by reference to Figure 1 the inert enhanced methane gas blend having 
a methane concentration of not more than about 40 volume percent is moved 
treated with a physical solvent such as methanol, a blend of dimethyl ethers of 
polyethylene glycol, propylene carbonate, N-methyl-2-pryrrolidone, a blend of 
oligoethlene glycol methyl isopropyl ethers, tri-n-butyl phosphorate, and methyl 
cyano-acetate to remove hydrogen sulfide gas and other acid gas components 
without removing inert gases to provide a sweet natural gas with not more than 
about 40 volume percent methane. Treatment with the physical solvent can be 
before or after separating the inert gas from the methane gas in the natural gas 
feed. The sweet inert methane gas blend then is conveyed via line 1 to a zinc oxide 
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guard bed 2 to prevent the emissions of hydrogen sulfide gas. The sweet inert 
methane gas blend is conveyed from the zinc oxide bed and mixed with water in 
line 3 to provide an inert enhanced methane gas/water blend. The gas/water blend 
is conveyed at about 70°F and at about 355 psig in fine 3 to a feed effluent heat 
exchange 4 where the temperature of the sweet inert enhanced methane gas/water 
blend is raised to about 800°F. Sufficient water to be mixed with the gas blend to 
permit sufficient conversion to hydrogen to provide flame stability to a dehydrated 
hydrogen enhanced inert gas/methane/hydrogen gas blend when it is delivered to 
the gas turbine generator for die generation of power. After the sweet inert 
enhanced methane gas blend is mixed with water and heated in the feed effluent 
exchanger, the heated sweet inert enhanced methane gas/water blend is conveyed 
via line 5 at about 34S psig and about 800°F to a heat recovery steam generator 
coil (HRSG coil) to further raise the temperature of the sweet inert enhanced 
methane gas/water blend and provide a hot sweet gas/water blend having a 
temperature of about 950°F in line 3. The hot sweet gas/water blend then is 
conveyed via line 7 to a reforming reaction chamber 8 at about 340 psig for 
converting a part of the methane in the sweet inert enhanced methane gas/water 
blend to a hydrogen enhanced inert gas/methane/hydrogen gas/water blend. The 
methane in the sweet gas/water blend undergoes a catalyzed reaction to react the 
methane and water to produce hydrogen gas at least about 700°F and preferably 
from about 900 to about 950°F and about 340 psig. Higher temperatures facilitate 
the conversion, while higher pressures adversely affect the conversion. Pressure 
should not exceed 1500 psig. After conversion of sufficient methane to hydrogen 
to provide at least about 6 volume percent hydrogen in the gas present after 
dehydration (hereinafter described), the hydrogen enhanced inert 
gas/methane/hydrogen gas/water blend is conveyed back to the feed effluent 
exchanger via line 9 at about 855°F and 335 psig to transfer heat to the water and 
methane gas entering the feed effluent exchanger. After the temperature of the 
hydrogen enhanced inert gas/methane/hydrogen gas/water blend is reduced, it is 
conveyed via line 10 to a dehydrating knockout drum (KO drum) 12 to reduce the 
water content of the hydrogen enhanced inert gas/methane/hydrogen gas blend. 
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The dew point is lowered in the KO drum to permit water to condense and 
separate from the gas. Sufficient water is removed to permit flame stability and 
provide the gas with at least about 1 10 BTUs per standard cubic foot of gas. In 
general, from about 97 to about 99 or more weight percent of the water is removed 
from the gas. The water resulting from dehydrating the hydrogen enhanced inert 
gas/methane/hydrogen gasAvater blend is removed from the KO drum 12 via line 
14 using condensate pump 16 and is conveyed back to the feed effluent exchanger 
4 via line 18 at about 100°F at about 500 psig. The dehydrated hydrogen enhanced 
inert gas/methane gas/hydrogen gas blend which now has at least 6 volume percent 
hydrogen or sufficient hydrogen gas to provide flame stability Is fed from the KO 
drum to a gas turbine generator via line 20 at about 100°F at about psig. There the 
gas has at least about 1 10 BTUs per standard cubic foot of gas and provides a 
stable flame from the gas turbine generator. 

The same process may be used in utilizing a sour natural gas using a 
catalyst which will not be sensitive or poisoned by the add gases in the natural gas. 
To keep the process compatible with the environment, however, at least some of 
the acid gases such as His may be removed at least in part. 

The invention is illustrated by the following example. 



EXAMPLE I 



GAS TURBINE PERFORMANCE 


Site CondiUotu 


Units 


No Aug 


Power Aug 


Ambient Temperature 


•F 


60 


60 


Ambient Pressure 


Psia 


11.57 


11.57 


Ambient Relative Humidity 


% 


60 


60 


Inlet Pressure Drop 


InHjO 


3.0 


3.0 










Performance 
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GAS TURBINE PERFORMANCE 


UTDS5 UwItwaiUf 


KW 


156,100 


15T 100 


ileal v^unsuuipuuu ^L<n v / 


Rhv/h v lfT* 


1 477 1 


1 486.9 


Hffal KuC \yitlM ) 


OUVffW TV XI 


9,461 


9462 


IS/fisc 




1 8 


1 8 

4 •*> 


T xjv 


Btu/Lb 


2.424.0 


2,424.0 




Btu/Scf 


212.5 


212.5 


Fuel Gas Flowrate 


lb/s 


169.3 


170.4 


Pressure 


Psia 


325 


325 


Temperature 


cp 


80 


80 


Power Aug IcJ Conditions 








rVmrruvatiiYrt 

wVll Ifc^*** ****** 


% Vol 






Carbon Dioxide 




100.0 


100.0 


Flowrate 


lb/a 


0.0 


4.0 


Pressure 


Psia 


285 


285 


Temperature 


pp 


300 


300 


Exhaust Gas Conditions 


Units 


No Aug - 


Power Aug 


Exhaust Gas Flow 


lb/s 


925.3 


930.4 


Exhaust Gas Temperature 


°F 


1.093.1 


1,095.1 


Exhaust Gas Composition 


%Vol 






Carbon Dioxide 




13.79 


14.12 


Argon 




1.07 


1.07 


Nitrogen 




65.78 


65.53 
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GAS TURBINE FERFOHMANCE 


Oxygen 




9.83 


9.74 


Water 




933 


9.55 


Exhaust Pressure Drop 


InHiO 


I5J0 


15.0 


Nax (Thermal) 


ppmvd@15MOi 


<10 


<10 



Data follows with respect to Figure 2 which illustrates the process of the 
invention where high pressure feed natural gas is flashed to a lower pressure to 
separate the methane gas from carbon dioxide gas both of which are present in the 
high pressure feed natural gas. 

Data with respect to Figure 3 which illustrates the process of the invention 
where low pressure feed natural gas is refrigerated using an external refrigeration 
device to separate methane gas from carbon dioxide gas both of which are present 
in a low pressure feed natural gas. 
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WHAT IS CLAIMED IS: 

1. A method of fueling a gas turbine with methane gas from natural gas 
reserves having from about 40 to about 80 volume percent methane* the method 
comprising: 

providing a first natural gas stream from the natural gas reserve; 

separating inert gases from methane gas in the first natural gas stream to 
provide a separated methane gas and a separated inert gas; 

blending the separated inert gas with a second natural gas stream having 
from about 40 to about 80 volume percent methane wherein after blending the 
amount of inert gas in the second natural gas stream will increase the output of a 
gas turbine by at least about 5 percent as compared to a turbine fueled with 
pipeline quality natural gas. 



2. A method as recited in claim 1 wherein the inert gas includes nitrogen 
gas and the nitrogen gas is separated from the methane gas in the first natural gas 
stream with a membrane. 

3. A method as recited in claim 1 wherein the inert gas includes carbon 
dioxide gas and the carbon dioxide gas is cryogenically separated from the methane 
gas in the first natural gas stream. 

4. A method as recited in claim 3 wherein the cryogenic separation is done 
with a natural gas reserve with a high pressure feed having a pressure greater than 
about 2500 psig and the high pressure feed is expanded to a lower pressure which 
is effective to separate the carbon dioxide gas and the methane gas in the first 
natural gas stream. 

5. A method as recited in claim 3 wherein the cryogenic separation is done 
with a natural gas reserve with a low pressure feed having a pressure lower than 
about 1100 psig and the low pressure feed is cooled with a refrigeration unit to a 
temperature which 



WO 01/42400 



CT/US00/33705 



-13- 



effective to separate the carbon dioxide gas and the methane gas in the first natural 
gas stream. 

6. A method as recited in claims 1, 2, 3, 4 or 5 wherein the separated 
methane from the first natural gas stream is processed into pipeline quality natural 
gas. 

7. A method of fueling a gas turbine with methane gas from natural gas 
reserves having from about 40 to about 80 volume percent methane, the method 
comprising; 

providing a first natural gas stream from the natural gas reserve; 

separating inert gases from methane gas in the first natural gas stream to 
provide a separated methane gas and a separated inert gas; 

blending the separated inert gas, hydrogen, and a second natural gas stream 
having from about 40 to about 80 volume percent methane to provide a hydrogen 
enhanced inert gas/methane gas/hydrogen gas blend wherein the amount of inert 
gas blended with the second natural gas stream will decrease the relative 
percentage of methane gas to below about 40 volume percent methane, based upon 
the volumes of inert and methane gases, they hydrogen gas being in an amount 
effective for providing flame stability for the hydrogen enhanced inert gas/methane 
gas/hydrogen gas blend; and 

fueling a gas turbine with the hydrogen enhanced inert gas/methane 
gas/hydrogen gas blend. 

8. The method for fueling a gas turbine as recited in claim 7 wherein the 
hydrogen enhanced inert gas/methane gas/hydrogen gas blend comprises at least 
about 6 volume percent hydrogen gas. 

9. The method for fueling a gas turbine as recited in claim 7 wherein the 
method further includes dehydrating the natural gas or hydrogen enhanced inert 
gas/methane gas/hydrogen gas blend, the dehydration effective for providing the 
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hydrogen enhanced inert gas/methane gas/hydrogen gas blend with at least about 
1 10 BTUs per standard cubic foot of gas. 

10. The method for Aiding gas turbine as recited in claims 7 or 9 wherein 
the separated inert gas has less than about 35 volume percent methane, based on 
the volumes of methane and inert gases and the hydrogen enhanced inert 
gas/methane gas/hydrogen gas blend has from about 6 to about 10 volume percent 
hydrogen gas. 

1 1 . The method for fueling gas turbine as recited in claims 7 or 9 wherein 
the separated inert gas blend has less than about 20 volume percent methane, based 
on the volumes of methane and inert gases and the hydrogen enhanced inert 
gas/methane gas/hydrogen gas blend has from about 6 to about 10 volume percent 
hydrogen gas. 

12. A method of fueling a gas turbine with methane gas from natural gas 
reserves having from about 40 to about 80 volume percent methane, the method 
comprising; 

providing a first natural gas stream from the natural gas reserve; 

separating inert gases from methane gas in the first natural gas stream to 
provide a separated methane gas and a separated inert gas; 

blending the separated inert gas and a second natural gas stream having 
from about 40 to about 80 volume percent methane to provide an enhanced inert 
gas/methane gas blend wherein the amount of inert gas blended with the second 
natural gas stream will decrease the relative percentage of methane gas to below 
about 40 volume percent methane, based upon the volumes of inert and methane 
gases; 

removing at least one acid component from the inert enhanced inert 
gas/methane gas blend to provide a sweet inert enhanced inert gas/methane gas 
blend or removing at least one acid component from the first natural gas stream so 
as to provide a sweet inert enhanced inert gas/methane gas blend; 
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mixing the sweet inert enhanced inert gas/methane gas blend and water to 
provide a hydrated sweet inert enhanced inert gas/methane gas blend, the water in 
the hydrated sweet inert enhanced inert gas/methane gas blend being in amount 
effective for permitting the conversion of a portion of the methane in the sweet 
inert enhanced inert gas/methane gas blend to hydrogen gas and effective for 
providing a flame stable dehydrated hydrogen enhanced inert gas/methane 
gas/hydrogen gas blend; 

catalyticaHy converting a portion of the methane to hydrogen gas in the 
hydrated sweet inert enhanced inert gas/methane gas blend to provide a hydrogen 
enhanced inert gas/methane gas/hydrogen gas blend, the conversion effective for 
providing the flame stable dehydrated natural gas; 

dehydrating hydrogen enhanced inert gas/methane gas/hydrogen gas blend 
to provide the flame stable dehydrated hydrogen enhanced natural gas; and 

fueling a gas turbine with the dehydrated hydrogen enhanced inert 
gas/methane gas/hydrogen gas blend. 

13. The method for fueling a gas turbine as recited in claim 12 wherein 
removing the add component from the first natural gas stream or the inert enhance 
inert gas/methane gas blend includes removing hydrogen sulfide from the natural 
gas. 

14. The method for fueling a gas turbine as recited in claim 12 wherein the 
hydrated hydrogen enhanced inert gas/methane gas/hydrogen gas blend is 
dehydrated in an amount effective for providing the dehydrated hydrogen enhanced 
natural gas with at least about 110 BTUs per standard cubic foot of gas. 

15. The method for fueling a gas turbine as recited in claim 13 wherein the 
hydrogen sulfide is removed from the first natural gas stream or the inert enhanced 
inert gas/methane gas blend with a physical solvent while minimizing removal of 
any inert gas. 
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1 6. The method for fueling a gas turbine as recited in claim 1 5 wherein the 
physical solvent is selected from the group consisting of methanol, a blend of 
dimethyl ethers of polyethylene glycol, propylene carbonate, N-methyl-2- 
pryrrolidone, a blend of oligaethlene glycol methyl isopropyl ethers, tri-n-butyl 
phosphonate, methyl cyano-acetate and mixtures thereof. 

17. The method for fiieling a gas turbine as recited in claim 12 wherein the 
dehydrated hydrogen enhanced inert gas/methane gas/hydrogen gas blend 
comprises at least 6 volume percent hydrogen gas. 

1 8. The method for fueling a gas turbine as recited in claim 12 wherein the 
methane in the hydrated sweet inert enhanced inert gas/methane gas blend is 
catalytically converted using a shift catalyst selected from the group consisting of 
iron/chrome/copper, copper/zinc/aluminum and mixtures thereof 

1 9. The method as recited in claims 12 or 14 wherein the inert enhanced 
inert gas/methane gas blend does not have more than about 35 volume percent 
methane and the dehydrated hydrogen enhanced inert gas/methane gas/hydrogen 
gas blend comprises from about 6 to about 10 volume percent hydrogen gas. 

20. The method as recited in claims 12 or 14 wherein the inert enhanced 
inert gas/methane gas blend does not have more than about 20 volume percent 
methane and the dehydrated hydrogen enhanced inert gas/methane gas/hydrogen 
gas blend comprises from about 6 to about 10 volume percent hydrogen gas. 

21. A method of fueling a gas turbine with methane gas from natural gas 
reserves having from about 40 to about 80 volume percent methane, the method 
comprising; 

providing a first natural gas stream from the natural gas reserve; 
separating inert gases from methane gas in the first natural gas stream to 
provide a separated methane gas and a separated inert gas; 
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blending the separated inert gas, water and a second natural gas stream 
having from about 40 to about 80 volume percent methane to provide a sour inert 
enhanced inert gas/methane gas/water blend wherein the amount of inert gas 
blended with the second natural gas stream will 'decrease the relative percentage of 
methane gas to below about 40 volume percent methane, based upon the volumes 
of inert and methane gases, the water in the sour inert enhanced inert gas/methane 
gas/water blend being in amount effective for permitting the conversion of a 
portion of the methane in the sour inert enhanced inert gas/methane gas/water 
blend to hydrogen gas to provide a hydrated hydrogen enhanced inert gas/methane 
gas/hydrogen gas blend and effective for providing a flame stable dehydrated 
hydrogen enhanced inert gas/methane gas/hydrogen gas blend; 

catalytically converting a portion of the methane to hydrogen gas in the 
sour inert enhanced inert gas/methane gas/water blend to provide a hydrated 
hydrogen enhanced inert gas/methane gas/hydrogen gas blend, the conversion 
effective for providing the flame stable dehydrated hydrogen enhanced inert 
gas/methane gas/hydrogen gas blend; 

dehydrating hydrated hydrogen enhanced inert gas/methane gas/hydrogen 
gas blend to provide the flame stable dehydrated inert enhanced inert gas/methane 
gas/hydrogen gas blend; and 

fueling a gas turbine with the flame stable dehydrated hydrogen enhanced 
inert gas/methane gas/hydrogen gas blend. 

22. The method for fueling a gas turbine as recited in claim 21 wherein the 
hydrated hydrogen enhanced inert gas/methane gas/hydrogen gas blend is 
dehydrated in an amount effective for providing the dehydrated hydrogen enhanced 
inert gas/methane gas/hydrogen gas blend with at least about 1 10 BTUs per 
standard cubic foot of gas. 

23. The method for fueling a gas turbine as recited in claim 21 wherein the 
dehydrated hydrogen enhanced inert gas/methane gas/hydrogen gas blend 
comprises at least 6 volume percent hydrogen gas. 
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24. The method for fueling a gas turbine as recited in claim 21 wherein the 
methane in the sour inert enhanced inert gas/methane gas/water blend is 
catalytically converted using a chrome/molybdenum catalyst* 

25. Hie method as recited in claims 21 or 22 wherein the sour inert 
enhanced inert gas/methane gas/water blend does not have more than about 35 
volume percent methane gas, based upon the volumes of methane and inert gases, 
and the flame stable dehydrated hydrogen enhanced inert gas/methane 
gas/hydrogen gas blend comprises from about 6 to about 10 volume percent 
hydrogen gas. 

26. The method as recited in claims 21 or 22 wherein the sour inert 
enhanced inert gas/methane gas/water blend does not have more than about 20 
volume percent methane gas, based upon the volumes of methane and inert gases, 
and the flame stable dehydrated hydrogen enhanced inert gas/methane 
gas/hydrogen gas blend comprises from about 6 to about 10 volume percent 
hydrogen gas. 

27. A method of fueling a gas turbine with methane gas from natural gas 
reserves having from about 40 to about 80 volume percent methane, the method 
comprising: 

providing a natural gas stream from the natural gas reserve; 

separating inert gases from methane gas in the natural gas stream to 
provide a separated methane gas and a separated inert gas/methane gas blend 
wherein the separation is made such than when the inert gas methane gas blend is 
used as turbine fuel there is an amount of inert gases in the blend which is effective 
for permitting the blend to increase an output of the gas turbine by at least about S 
percent as compared to a turbine fueled with pipeline quality natural gas. 
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28. A method of fueling a gas turbine with methane gas from natural gas 
reserves having from about 40 to about 80 volume percent methane, the method 
comprising; 

providing a first natural gas stream from the natural gas reserve; 

separating inert gases from methane gas in the first natural gas stream to 
provide a separated methane gas and a separated inert gas/methane gas blend 
having less than 40 volume percent methane; 

blending the separated inert gas/methane gas blend and hydrogen to provide 
a hydrogen enhanced inert gas/methane gas/hydrogen gas blend, the hydrogen gas 
being in an amount effective for providing flame stability for the hydrogen 
enhanced inert gas/methane gas/hydrogen gas blend; and 

fueling a gas turbine with the hydrogen enhanced inert gas/methane 
gas/hydrogen gas blend. 

29. The method for fueling gas turbine as recited in claim 28 wherein the 
separated inert gas/methane gas blend has less than about 35 volume percent 
methane, based on the volumes of methane and inert gases and the hydrogen 
enhanced inert gas/methane gas/hydrogen gas blend has from about 6 to about 10 
volume percent hydrogen gas. 

30. The method for fbeling gas turbine as recited in claim 28 wherein the 
separated inert gas/methane gas blend has less than about 20 volume percent 
methane, based on the volumes of methane and inert gases and the hydrogen 
enhanced inert gas/methane gas/hydrogen gas blend has from about 6 to about 10 
volume percent hydrogen gas. 

3 L A method of fueling a gas turbine with methane gas from natural gas 
reserves having from about 40 to about 80 volume percent methane, the method 
comprising; 

providing a first natural gas stream from the natural gas reserve; 
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separating inert gases from methane gas in the first natural gas stream to 
provide a separated methane gas and a separated inert gas/methane gas blend 
having less than about 40 volume percent methane; . 

removing at least one acid component from the separated inert gas/methane 
gas blend to provide a sweet inert enhanced inert gas/methane gas blend; 

mixing the sweet inert enhanced inert, gas/methane gas blend and water to 
provide a hydrated sweet inert enhanced inert gas/methane gas blend, the water in 
the hydrated sweet inert enhanced inert gas/methane gas blend being in an amount 
effective for permitting the conversion of a portion of the methane in the sweet 
inert enhanced inert gas/methane gas blend to hydrogen gas and effective for 
providing a flame stable dehydrated hydrogen enhanced inert gas/methane 
gas/hydrogen gas blend 

Catalytically converting a portion of the methane to hydrogen gas in the 
hydrated sweet inert enhanced inert gas/methane gas blend to provide a hydrogen 
enhanced inert gas/methane gas/hydrogen gas blend, the conversion effective for 
providing the flame stable dehydrated hydrogen enhanced inert gas/methane 
gas/hydrogen gas blend; 

dehydrating hydrogen enhanced inert gas/methane gas/hydrogen gas blend 
to provide flame stable dehydrated hydrogen enhanced inert gas/methane 
gas/hydrogen gas blend; and 

fueling a gas turbine with the dehydrated flame stable dehydrated hydrogen 
enhanced inert gas/methane gas/hydrogen gas blend. 

32. The method for fueling a gas turbine as recited in claim 3 1 wherein the 
methane in the hydrated sweet inert enhanced inert gas/methane gas blend is 
catalytically converted using a shift catalyst selected from the group consisting of 
iron/chrome/copper, copper/zinc/aluminum and mixtures thereof 

33. The method as red ted in claim 32 wherein the sweet inert enhanced 
inert gas/methane gas blend does not have more than about 35 volume percent 
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methane and the dehydrated hydrogen enhanced inert gas/methane gas/hydrogen 
gas blend comprises from about 6 to about 10 volume percent hydrogen gas. 

34. The method as recited in claim 32 wherein the sweet inert enhanced 
inert gas/methane gas blend does not have more than about 35 volume percent 
methane and the dehydrated hydrogen enhanced inert gas/methane gas/hydrogen 
gas blend comprises from about 6 to about 10 volume percent hydrogen gas. 

35. A method of fueling a gas turbine with methane gas from natural gas 
reserves having from about 40 to about 80 volume percent methane, the method 
comprising; 

providing a first natural gas stream from the natural gas reserve; 

providing a first natural gas stream from the natural gas reserve; 

separating inert gases from methane gas in the first natural gas stream to 
provide a separated methane gas and a separated inert enhanced inert gas/methane 
gas blend having less than about 40 volume percent methane; 

mixing the separated inert enhanced inert gas/methane gas blend and water 
to provide a hydrated inert enhance inert gas/methane gas blend, the water in the 
hydrated sweet inert enhanced inert gas/methane gas blend being in an amount 
effective for permitting the conversion of a portion of the methane in the inert 
enhance inert gas/methane gas blend to hydrogen gas and effective for providing a 
flame stable dehydrated hydrogen enhanced inert gas/methane gas hydrogen gas 
blend; 

Catalytically converting a portion of the methane to hydrogen in the inert 
enhanced inert gas/methane gas/water blend to provide a hydrated hydrogen 
enhanced inert gas/methane gas/hydrogen gas blend, the conversion effective for 
providing the flame stable dehydrated hydrogen enhanced inert gas/methane 
gas/hydrogen gas blend; 

dehydrating hydrated hydrogen enhanced inert gas/methane gas/hydrogen 
gas blend to provide flame stable dehydrated inert enhanced inert gas/methane 
gas/hydrogen gas blend; and 
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fueling a gas turbine with the flame stable dehydrated hydrogen enhanced 
inert gas/methane gas/hydrogen gas blend. . 

36. The method for fueling a gas turbine as recited in claim 35 wherein the 
methane in the inert enhanced inert gas/methane gas/water blend is catalytically 
converted using a chrome/molybdenum catalyst. 

37. The method as recited in- claim 36 wherein the inert enhanced inert 
gas/methane gas blend does not have more than about 35 volume percent methane 
and the dehydrated hydrogen enhanced inert gas/methane gas/hydrogen gas blend 
comprises from about 6 to about 10 volume percent hydrogen gas. 

38. The method as recited in claim 36 wherein the inert enhanced inert 
gas/methane gas blend does not have more than about 35 volume percent methane 
and the dehydrated hydrogen enhanced inert gas/methane gas/hydrogen gas blend 
comprises from about 6 to about 10 volume percent hydrogen gas. 




1/9 



PCT/USWM3370S 




2/9 




CTAJS00/33705 



3/9 



WO 01/42400 PCTVUS00/33705 



1 



m 

S3* 



w3 

PS 



111 



I 



Issl 

It'll 

ml 



"hiiilii* 



5 



© o o o o 



o o o o o 



i ^ *r < 

§ oo 1 1 si 2 g 

iii§§§s§|i 

dodbodoedi 

Hllislllll^ 



: s : 



|t*.lt 



i 



o S £ 
a s § 

©of 



e 



Iff 



3 



a 



1 




ii 



3 g K 



| J 

la 



4/9 



WO 01/42400 




PCT/USOO/33705 




5/9 



WO 01/42400 



♦ 



PCT/USOO/33705 




6/9 



WO 01/42400 4^ ^^PCT/USOO/33705 




7/9 



WO 01/42400 



♦ 



PCT/US00/33705 




8/9 



WO 01/42400 




'PCT/USO0/3370S 




9/9 



IMTERJ^pONAL SEARCH REPORT 



Intern lai Application No 

PCT/US 00/33705 



A. CLASSIFICATION OF SUBJECT MATTER 

IPC 7 C10L3/XI8 F02C3/22 



Accotdfrg to mtemattonai Patent ClasstflcaHDO (IPC) or to both ngjong gasification and IPC 



a FIELDS SEARCHED 


Minimum documental ton searched (dassfficaHon system folowed by cb 

IPC 7 C10L F02C 


isstflcaiion symbols) 




Documentation searched other than mlntmom documentation to the exte 


ml thai such documents are in did 


ed in the fields searched 



i terms used) 



EPO-Internal , PAJ, WPI Data 



C DOCUM ENTS CONSIDERED TO BE RELEVANT 



Category ° CftaJlon of document wKh indteation, where appropriate, of the relevant 



Relevant to dalm No 



MO 93 13307 A (HARVEY ROBERT D) 
8 July 1993 (1993-07-08) 

US 4 733 528 A (PINTO ALWYN) 
29 March 1988 (1988-03-29) 



□ 



Further documents are listed In the continuation of box C. 



ID 



Patent fam&y members are listed In annex. 



* Special categories of died documents r 

A* document defining the general state oi the art which Is not 

considered to be of particular relevance 
•E? earfer document but published on or ana r the mternalional 
fling dale 

*L* document wtibh may throw doubts on prtonty darm(s) or 
which rs died to establish the publication date of another 
citation or other special reason (as specified) 
•O* document referring to an oral disclosure, use, exhibition or 
other means 

•p* document published prior to the international filing date bui 
later than trie priority data claimed 



*T* later document published after the international fftng dale 
or priority date and not in conflict with the application bui 
cfted to understand the principle or theory underlying I he 
Invention 

*X* document of particular relevance: the claimed invention 
cannot be considered novel or cannot be co n sidered to 
Involve an inventive step when the document is taken atone 

*Y* document of particular relevance; the claimed invention 

cannot be considered to Involve an inventive step when the 
document & combined with one or more other such docu- 
ments, such combination being obvious to a person skilled 
hi the art 

document member of the same patent family 



Date of the actual completion of the International search 

27 March 2001 



Dale of mafilng of (he international search report 

03/04/2001 



Name and matting address of the ISA 

European Patent Office, P.B. 5616 Patent laan 2 
NL - 2280 HV RJJswijk 
Tel (^31 -70) 340-2040. 7*. 31 661 epo nl. 
Far (431-70) 340-3016 



Authorized officer 



De Herdt, 0 



Fo*m PCTVISA/210 (second shoot) puty 189*) 



INTERMj JIC 



ONAL SEARCH REPORT 



Intern 

PCT/US 00/33705 



Patent document 


1 PubDcatton 




Patent family 


Publication 


cited fai search report 


date 




member(s) 


date 


WO 9313307 A 


08-07-1993 


AU 

I»W 


3429093 A 


28-07-1993 

CO V/ 


US 4733528 A 


29-03-1988 


AU 


576822 B 

W # WW6»aW w 


08-09-1988 

WW w ^ x^w 






AU 


3908885 A 

WW www WW r» 


05-09-1985 

WW V «7 i J\J W 






CA 


1257206 A 

* wW # b V w r» 


11-07-1989 






DE 

Wk 


3571797 D 

WW I X / 7 •* V 


31-08-1989 

wx ww 17«? 






EP 


0157480 A 

V X W / ^ WW • » 


09-10-1985 

W^ * V J. JUJ 






IN 


163106 A 

x ww A. ww r% 


13-08-1988 






IN 

XIV 


169889 A 


04-01-1992 

V » V X 17Jb 






JP 


6040706 A 

WW ~ V / VW r\ 


15-02-1994 






JP 


2757977 B 


25-05-1998 






JP 


6040707 A 

WV^V ' V # rl 


15-02-1994 

X W Vb 17#~ 






JP 


2011278 C 


02-02-1996 

Vk vx> x J ^ w 






JP 

VI 


7035241 R 

* vwwfc.— J> w 


19-04-1995 

X J W*t X«7Ww 






JP 


60210506 A 


23-10-1985 

£»W> XV X«7WW 






HW 


285 A 


08-10-1986 

WW XV X W WW 






NO 


850837 A B 

WW W W W J #» } V j 


03-09-1985 

VW W< X i7WW 






NZ 


211185 A 


29-09-1988 

*- j vj xwww 






US 


4910007 A 


20-03-1990 

(■> V VW U ^ \J 






US 

V W 


4695442 A 

» W w W ~ ~ *w r» 


22-09-1987 

C.X. W7 4#Vl 






US 

ww 


4778670 A 

"t# t WW/ V f> 


18-10-1988 






us 

Vw 


4725381 A 


16-02-1988 

X V Ul X 7 ww 






us 

WW 


4725380 A 

"T/ 4>W wWV r\ 


16-02-1988 

XV Vk X #uo 






us 


4721611 A 


26-01-1988 

fcW W X X^WW 






ZA 


8501332 A 

W^WW A wWb #» 


30-10-1985 • 

WW XW A ^*WW 






zw 


2685 A 


24-09-1986 

W «7 X »7Ww 






AT 

O 1 


54481 T 


15-07-1990 

X W Vr ***W 






AT 

f» i 


58109 T 


15-11-1990 

XW XX x^^w 






AU 


583385 B 


27-04-1989 






AU 


5835186 A 

wWW w JLVV «i 


11-12-1986 






AU 


592570 B 


18-01-1990 

xv w x *w»?w 






AU 


5835386 A 

JUwJ WWW r% 


11-12-1986 






CA 


1282714 A 


09-04-1991 

Vw V • X 7 W X 






CA 


1259495 A 


19-09-1989 

Xw V J X •/ w ^ 






DE 

w l_ 


3672535 D 

WW / b W W W V 


16-08-1990 

XW VW M.^ *r \J 






DE 


3675435 D 

WW / «J ~ W W W 


13-12-1990 






EP 


0207620 A 


07-01-1987 

Vr VX «*«ywr 






EP 


0204478 A 


10-12-1986 






JP 


62030603 A 


09-02-1987 






jp 


62032227 A 


12-02-1987 






HW 


4486 A 


13-05-1987 






MU 

1 If! 


4586 A 


13-05-1987 






NO 


862209 A B 


05-12-1986 

VW XX* •"••rww 






NZ 


216395 A 


28-10-1988 






NZ 


216396 A 


08-01-1988 






ZA 


8604033 A 


25-02-1987 






ZA 


8604034 A 


25-02-1987 






ZM 


5486 A 


29-12-1986 






ZH 


5586 A 


27-03-1987 






ZW 


11186 A 


13-01-1988 j 






ZW 


11486 A 


13-01-1988 





Fo*m FCTrtSA/2tO Cp*W* family arrwX) Lk+ 1062) 



